Abstract: Metastasis is a critical event in oral squamous cell carcinoma (OSCC) progression. In this study, we have performed quantitative analysis of serum proteins from non-metastatic (lymph-node metastasis free) and metastatic OSCC patients using liquid chromatography-tandem mass spectrometry (LC-MS/MS) with iTRAQ labeling (isobaric tagging for relative and absolute quantitation). To eliminate highly abundant proteins, the serum samples were initially separated by SDS-PAGE and only low abundant protein bands were excised for subsequent in-gel tryptic digestion. The resulting peptides were then extracted from each sample gels and labeled with iTRAQ reagent 114 (control), 116 (non-metastatic) and 117 (metastatic), respectively. Afterwards, the labeled samples were combined and subjected to LC-MS/MS analysis using linear ion trap (LIT) MS with pulsed Q collision induced dissociation (PQD). A total of 64 proteins were identified and quantified by this approach. Our study showed that iTRAQ labeling and LIT-MS with PQD is a valuable approach to quantification of serum proteins. We also demonstrated the presence of differentially expressed serum proteins between non-metastatic and metastatic OSCCs that may be further validated as biomarkers for metastatic OSCC. However, in order to comprehensively quantify low abundant serum proteins, a more efficient approach is needed to deplete highly abundant proteins prior to quantitative serum proteome analysis of OSCC.
INTRODUCTION
Oral squamous cell carcinoma (OSCC) is the sixth most common cancer worldwide. Despite the tremendous improvements in surgery, radiotherapy and chemotherapy, the prognosis for patients with OSCC is more or less unchanged for the past 3 decades. This is because oral cancers are often diagnosed at late stage when the disease has metastasized from the primary tumor site [1] [2] [3] . Improvement in patient survival requires an increased understanding of tumor metastasis so that aggressive tumors can be detected early in the disease process and targeted therapeutic interventions can be developed. This suggests an imperative need for developing novel biomarkers for predicting metastatic potential of the patients with primary oral cancers. These biomarkers will certainly help to differentiate patients who clinically have no detectable disease but are potential candidates for lymph nodes metastasis and should have prophylactic neck dissection and/or adjuvant radiotherapy. Conversely, such a set of reliable biomarkers would also help avoid unnecessary surgery treatment for those individuals who are, or would be metastasis-free.
Quantitative proteomics using tandem MS with stable isotope labeling strategy represents an emerging technology for global quantification of protein levels in disease or perturbed biological samples. Recently, a variety of stable isotope reagents have been developed for relative quantification in proteomics, including ICAT (isotope-coded affinity tagging), SILAC (Stable isotope labeling with amino acids in *Address correspondence to this autohr at the Dental Research Institue and School of Dentistry, University of California, Los Angeles, CA 90095-1668, USA; Tel: 310-206-8834; E-mail: shu@dentistry.ucla.edu cell culture), AQUA (absolute quantification using internal standard peptides), iTRAQ (isotope tagging for relative and absolute quantitation), etc. Most methods enable quantification in the full MS scan, and peptide identification based on subsequent fragmentation (MS/MS) of precursor ions, with the exception of iTRAQ, where both the identification and quantification are performed in the MS/MS scan [4] . The iTRAQ label attaches to the N-terminal amino group of peptides and the epsilon amino group of lysine. The labeled peptides fragment during MS/MS scans to produce the iTRAQ reporter ions (113-119, or 121 m/z). Therefore, quantification of peptides and corresponding proteins from up to 8 samples can be performed simply by comparing the intensities of these iTRAQ reporter ions. However, due to extremely low m/z of these reporter ions, there is limitation of using ion traps for iTRAQ applications under collision induced dissociation (CID) mode. Recently, a new dissociation technique called PQD, has been developed and implemented for linear ion trap mass spectrometers [5] . The PQD technique generates spectra qualitatively similar to CID, but it allows the observation of low m/z fragments that are usually excluded from CID. With the ability to trap and detect lower m/z product ions, PQD can be applied successfully to peptide quantification utilizing iTRAQ tags [6] .
Serum/plasma proteomics is a very attractive approach to disease biomarker discovery because testing of biomarkers in blood is simple, safe and minimally invasive [7] . Compared to tissue biopsies, blood samples are easily accessible and therefore a large number of specimens can be enrolled for a clinical proteomic study. This allows adequate statistical power for a robust study design, and true signatures can be unveiled for disease detection. In this study, we have demonstrated quantitative mass spectrometry (MS) based on linear ion trap MS and stable isotope labeling technique can reveal differentially expressed serum proteins between nonmetastatic and metastatic OSCCs. The newly identified target proteins may be used for further validation on new patient samples to test their prediction value for metastatic OSCC.
MATERIALS AND METHODS

Sample Collection
The OSCC patients were recruited from the University of California-Los Angeles Medical Center and School of Dentistry. All patients received diagnosis of OSCC and had no prior treatment in the form of chemotherapy, radiotherapy, surgery, or alternative medicine. No patients had a history of prior malignancy, immunodeficiency, autoimmune disorders, hepatitis or HIV infection. Healthy control subjects were also recruited and completely matched for gender, age and ethnicity for this study. All subjects signed informed consent and were enrolled with an approved IRB at UCLA.
SDS-PAGE, in-Gel Tryptic Digestion and iTRAQ Labeling
The total protein concentration of 30 serum samples (10 healthy controls, 10 lymph-node metastasis free and 10 metastatic OSCCs) was measured using the 2-D Quant Kit (GE Healthcare, Piscataway, NJ). We then pooled the samples in each group, equally according to total amount of proteins, and precipitated the proteins using cold 10% TCA in acetone. The protein pellets were then dissolved in a buffer containing 7M urea, 2M thiourea, 20mM DTT, 1.2% CHAPS (w/v), 5% glycerol (v/v), 10% isopropanol (v/v), and 0.4% ASB-14 (w/v). Finally, the serum proteins (10 g, each pooled sample) were separated using 12% NuPAGE gels (Invitrogen, Carlsbad, CA) and stained with Sypro Ruby (Bio-Rad, Fullerton, CA).
Selected protein bands ( Fig. 1) were excised using the ProteomeWorks™ Spot Cutter (Bio-Rad). In-gel tryptic digestion of the proteins was then performed and the resulting peptides were extracted with 0.1% TFA in 50% acetonitrile. The peptides from each pooled sample were combined, vacuum dried, re-dissolved in 10 L of triethylammonium bicarbonate (TEAB) and labeled with isobaric tags (114, 116, and 117 for control, non-metastatic patients, and metastatic patients, respectively) according to the manufacturer's instruction manual (Applied Biosystems, Foster City, CA). All three labeled samples were finally combined and desalted with the cation-exchange cartridge system (Applied Biosystems).
LC-MS/MS and Database Searching
The combined peptide sample was analyzed using nano-LC (Eksigent Technologies, Dublin, CA) and linear ion trap MS (LTQ XL, Thermo-Fisher Scientific, Waltham, MA). Peptide separation was performed using the PepMap100 C18 column (3 m, 100A°, 75 m I.D., 15 cm length, Dionex, Sunnyvale, CA) with a 300-m I.D. 3.5-mm-long C18 guard column (Dionex). Peptides were eluted using a linear gradient of 5-95% HPLC buffer B (5% H2O, 95% ACN containing 0.1% formic acid) over 60 min, followed by isocratic elution at 95% buffer B for 15 min with a flow rate of 400 nL/min across the capillary column. Electrospray (ESI) was performed at 2.0 kV using a PicoTip nanospray emitter (10-m I. D., New Objective, Woburn, MA). 
In-gel digestion
Peptides were selected for MS/MS using pulsed Q collision induced dissociation (PQD) operating mode with a normalized collision energy setting of 42%. The ion trap was operated in a data-dependent mode, with one MS survey scan (400-1800 m/z) followed by five MS/MS scans for the five most abundant precursor ions in the MS survey scan. The m/z values selected for MS/MS were dynamically excluded for 20 s.
The obtained MS/MS spectra were searched against the International Protein Index database (IPI, Version 3.32) using the Sequest algorithm through the BioWorks 3.3 (Thermo-Fisher Scientific). Search parameters included differential mass shifts for methionine oxidation (+16 Da) and tyrosine (+144 Da), static mass shift (+144Da) at lysine and the N-terminus of all peptides, mass tolerance of +/-2.0 Da for precursor peptides, partial trypsin specificity and up to one internal missed cleavage. Proteins with minimum of two peptide hits were considered as positive identification.
RESULTS AND DISCUSSION
The purpose of this study was to identify differentially expressed serum proteins among healthy control subjects, non-metastatic and metastatic OSCC patients. Since serum samples contain highly abundant proteins such as albumin, transferrin and immnoglobulins, we used SDS-PAGE initially to resolve the serum proteins from three pooled samples (healthy control, metastatic and non-metastatic OSCC) and only excised the low abundant protein bands for subsequent analysis (Fig. 1) . The proteins in gel bands were then digested and the resulting peptides from each gel were combined and labeled with iTRAQ 114, 116 and 117, respectively. The three labeled samples were finally combined and analyzed using capillary LC and linear ion trap MS under the PQD operation mode.
As an example, Fig. (2) depicts the PQD spectrum for a tryptic peptide, GSPAINVAVHVFR, originated from transthyretin (TTR). TTR is a thyroid hormone-binding protein and has been associated with lung and colon cancers previously [8] [9] [10] [11] . Our study suggested that TTR was overexpressed in non-metastatic OSCC as compared to metastatic OSCC. The extended mass range obtained by PQD relative to CID allowed the detection of iTRAQ reporter ions as well as the fragment ions (b and y ions) ( Fig. 2A & B) . Most of the abundant peaks in the spectrum were well matched, providing confident identification of the peptide (GSPAIN-VAVHVFR). The relative levels of the peptide among three serum samples could be directly calculated from the peak intensity of three iTRAQ reporter ions 114, 116 and 117. Fig. (2C) indicates the peak height ratios of iTRAQ 116 and 117 versus 114 for the peptide from four repetitive analyses. Significant variation in relative ratios was observed, which suggests that quantification may be biased based on the relative ratio from a single peptide and the use of average ratios for all identified peptides of a protein may be more accurate. Repetitive analysis of the same combined sample may also improve the accuracy of measuring relative protein levels among different samples.
In total, 85 proteins were identified from the three combined samples, however, only 64 (75%) of the proteins showed detectable levels of iTRAQ reporter ions ( Table 1) .
A
This may be due to inefficient iTRAQ labeling or inadequate sensitivity of LIT-PQD for iTRAQ reporter ions. More than half of the identified proteins were immunological proteins such as immunoglobulins and complement factors, which are abundant proteins in serum. Many proteins were found beyond the molecular weight range as observed on SDS-PAGE gels, suggesting that the identified proteins may be side chains of the intact proteins. Around 52 proteins were overexpressed in both non-metastatic and metastatic OSCCs compared to healthy controls. However, 27 proteins were found over-expressed and 37 were under-expressed in metastatic OSCC as compared to non-metastatic OSCC. One such protein over-expressed in metastatic versus non-metastatic cancer is hemicentin 1, which is a member of the fibulin family of extracellular matrix molecules. Fibulins are secreted glycoproteins functioning to modulate cell morphology, growth, adhesion and motility and therefore proposed to have both tumour suppressive and oncogenic activities [11, 12] . Invasion of cells through breakdown of the basement membrane is a crucial step during development and cancer metastasis. Recently Sherwood et al. have identified that hemicentin, matrix metalloproteinase and fat-like protocadherin are down-stream transcriptional targets of FOS-1 that promote cellular invasion [13] . Their study suggests that the accumulation of hemicentin in the basement membrane is required to promote basement membrane removal and invasion. Some other differentially expressed proteins such as HSP protein A14, MUC16 (CA125), ITIH2, and transthyretin were also found involved in human cancers (gastric, ovarian, breast or head and neck) in previous studies, which may be implicated as cancer biomarkers [14] [15] [16] [17] .
In summary, we have demonstrated that iTRAQ labeling and linear ion trap MS with PQD is applicable to quantification of serum proteins. The inclusion of SDS-PAGE for initial protein separation was able to eliminate some of the high-abundance proteins such as albumin, transferrin and macroglobulin. However, immunoglobulins and associated (Fig. 2) contd…. Fig. (2) . Tandem MS spectrum for a tryptic peptide, GSPAINVAVHVFR, originating from transthyretin. Most abundant peaks in the MS/MS spectrum were well matched ( Fig. 2A) , providing confident identification of the peptide. Fig. (2B) depicts the peaks for reporter ions 114, 116 and 117 reflecting the peptide's level among three samples. Fig. (2C) indicates the average ratio for reporter ions 116 and 117 versus reporter ion 114 from 4 repetitive analyses.
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Average Ratio side chains were still observed at significantly abundant levels. We are currently testing immunoaffinity columns to deplete the 12 most abundant serum proteins, and expect to quantify a significant larger number of lower abundant proteins. Our study has also identified target proteins that can be used for further validation on new patient samples to test their prediction value for metastatic OSCC. Once robust biomarkers are developed in the future, a simple and valuable clinical tool will be available for the physicians to forecast the metastatic potential of primary oral cancers by monitoring the serum levels of these biomarkers, and therefore to make appropriate treatment decisions.
